Background: Renal trauma is less common but often occurs in polytrauma. Most trauma is blunt and the severity of the injury varies in different circumstances. Assessment: There is a series of features that should prompt investigation but none are reliably seen in all trauma cases and a low threshold for suspecting renal injury should be taken. A urine dip is essential. Investigation: Computerised tomography is the main modality. Follow-up imaging may be used if complications arise and ultrasound may be used in some cases. Management: Approaches include surgical, radiological and conservative. The latter has been achieved in all grades but intervention will be required in haemodynamic instability. Complications: Haemorrhage, infection and urine extravasation are common and require intervention. There are many long-term complications and hypertension can occur by a variety of mechanisms.
Introduction
Renal injuries form between 1% and 10% of intraabdominal injuries. [1] [2] [3] [4] The kidneys are enclosed in a layer of fascia and are covered by the lower ribs. This position offers a degree of protection in contrast to other viscera. However, the kidneys are prone to damage in penetrating injury, rapid deceleration and high impact trauma. Up to one third of polytrauma cases include a renal injury. 1 Conversely, the ribs can become the source of injury if a fracture fragment passes into the kidney.
Of all renal trauma, 80-90% are blunt injuries. 4 Penetrating trauma forms a minority of injuries that tend to be more severe and usually occur with adjacent organ injury. 1 Common mechanisms of trauma include road traffic collisions, falls from heights, violent acts and contact sports. 5, 6 The majority of injuries are minor and do not require intervention. 5 However, seemingly innocuous trauma can produce severe injury. 7 Kidneys with preexisting abnormalities are vulnerable to lower levels of trauma and thus have a higher odds of developing more extensive injuries. 5, 8, 9 Clinical presentations can be highly variable and the signs can be difficult to correlate with the level of injury. 7 
Grading
The American Association for the Surgery of Trauma (AAST) provides a grading system that is well established with good evidence as a predictor of outcome. [10] [11] [12] [13] It provides five grades of injury with grades 1-3 representing mild injuries while grades 4 and 5 represent severe injuries ( Figure 1 and Table 1) .
Given the variety within grades 4 and 5, there have been suggestions to modify the AAST grading. These include dividing grade 4 into low and high-risk injuries, with the latter being those that tend to warrant haemostatic intervention. 14, 15 A separate review of outcomes suggested grade 4 should include lesions of the collecting system, renal pelvis and segmental vessels while grade 5 should include only main renal artery or vein injuries. 16 
Assessment
Patients admitted with any form of trauma should be assessed for immediate life-threatening injury with the advanced trauma life support (ATLS) approach. Following the initial assessment, a secondary survey should look for flank tenderness or ecchymosis, which may suggest renal injury. 5 A urine sample should be taken early during the clinical evaluation. Microscopic haematuria in a patient with shock or any macroscopic haematuria should prompt investigation for a renal injury. Likewise, a decreasing haematocrit and the requirement for blood transfusion indicates significant blood loss. Clinical signs of shock may develop but extra caution must be taken in paediatric patients who compensate physiologically and will often not exhibit signs such as hypotension. 17 The presence of these features increases our clinical suspicion for renal trauma. However, flank symptoms can occur with hepatic or splenic injuries and haematuria can signify damage to any part of the urinary system. This makes the diagnosis of renal trauma difficult particularly in polytrauma patients.
There are no features that consistently occur in renal injury. Larger mechanisms of trauma do not reliably predict graver injuries. 18 The degree of haematuria does not correlate with the severity of injury. [18] [19] [20] Mild injuries including simple haematomas can produce gross haematuria. 9 High-grade renal injuries can have no haematuria and urine dips are associated with a 3-10% false negative rate. 6, 18, 19, 21, 22 Up to 29% of all injuries will have neither haematuria nor signs of shock but these will tend to be less severe. 18, 23 A clinical diagnosis of renal trauma is difficult to make. A list of criteria, shown in Table 2 should prompt suspicion of injury and immediate imaging should be sought. 5 These features may develop after admission and a period of observation may allow these to be revealed. 7 
Imaging
The computed tomography (CT) scan provides the most comprehensive form of imaging with visualisation of the renal vasculature, parenchyma, collecting system and surrounding retroperitoneum (Figures 2 and 3 ). 24 It offers high sensitivity and specificity and provides imaging of other organs, which is useful in polytrauma.
Patients should be taken to the radiology room for an abdominal CT scan if features suggestive of significant renal trauma are present (Table 2) . 11, 19 The modality should include immediate arterial and venous phases to detect vessel disruption and delayed phase to reveal any extravasation from the collecting system. 1 Ultrasound has a high negative predictive value and can be a useful screening test along with urinalysis when unsure whether to perform a CT scan. 19, 23, 25 It can detect urinomas, haematomas and some parenchymal lesions. However, it cannot provide detailed vessel information and detects retroperitoneal haemorrhage poorly. 24, 26 Intravenous pyelography (IVP) has largely been replaced by CT scanning. It offers the benefit of being available inside the operating theatre if CT scanning would incur significant delay. 5, 23 IVP is highly sensitive in detecting a nonfunctioning kidney or extravasation of fluid. 24 Repeat imaging is useful in the most severe injuries, in which it reduces the chance of missing complications. The development of fever, decreasing haematocrit or significant flank pain in any injury should prompt repeat CT imaging. 1, 27 Ultrasound follow-up can provide serial measures to show resolution of haematomas or urinomas. 23 It is rarely of benefit in low-grade injuries in patients who are clinically well enough to undergo further imaging. 27, 28 
Management

Haemodynamically unstable
The initial management will involve basic resuscitation following ATLS guidelines. Haemodynamic instability or continuing haemorrhage are the main indications for intervention, and if haemostasis cannot be achieved then the patient will require surgical or radiological intervention to obtain direct control of bleeding. 5 
Haemodynamically stable: blunt renal injury
There has been a shift over the past two decades towards conservative management, which forms the mainstay of treatment and has been reported in all grades of injury. 5, 23, 29 Conservative management consists of bedrest with close monitoring. The fragile kidney is vulnerable to further disruption by mechanical forces in the initial period. There should be regular clinical examination and twice daily checks for decreases in haematocrit and renal function. 9 Resuscitation with intravenous fluids and blood transfusion should be provided if required and critical care involved at an early stage.
Grade 1-3 injuries under conservative management develop half the complication rates of those with surgery. 9, 30 Grade 4 and 5 injuries that are managed conservatively have shorter lengths of stay and fewer complications than their surgical counterparts. 29, 31 However, there are no randomised trials comparing these management approaches.
It is possible to manage complications including urinary extravasation, devitalised fragments and unilateral main artery injuries initially with conservative management. Where there are severe injuries bilaterally or there is a solitary functioning kidney, intervention should be considered carefully. 32 Most complications arise within 24 hours. 5 Bed rest is advised until clinical stability and resolution of haematuria are achieved. 9 The risk of venous thromboembolism exists and prophylaxis should be provided. On discharge, patients should avoid any activities that place them at further risk of renal injury for an extended period.
Intervention is required in 2-4% of conservatively managed cases. 33, 34 Factors predicting the failure of nonoperative management include increasing acidotic state, ongoing transfusion requirements, non-renal organ injury and high renal injury grade.
Angiography and embolisation has developed rapidly to provide haemorrhage control in arterial laceration, avulsion, bleeding, vascular fistulae and pseudoaneurysm. 6 Embolisation when successful reduces complications and the need for nephrectomy compared to open surgery across all AAST grades. 3, 35 This has led to some institutions now offering radiological procedures as first line management for renal trauma. 5, 6 This relatively new technique is limited in places by the availability of equipment and expertise. 9 High-grade injuries have a higher procedural failure rate and may require repeat interventions. 36 Cases in which embolisation fails have poor outcomes even after secondary surgery.
Surgery is reserved in haemodynamic instability and uncontrolled bleeding as signalled by renal pedical avulsion, pulsatile or expanding retroperitoneal haematoma. 1, 5, 32 The decision to explore can be guided by renal function, the grade and type of injury seen on CT scanning and requirements for transfusion. 37 Exploration allows access to other viscera in polytrauma cases.
Grade 5 renal injury is an indication for surgical exploration, although conservative measures could be successful. 29 The shift away from open surgical management reflects the realisation that surgical exploration has poorer outcomes, more complications and a tendency towards nephrectomy rather than organ salvage. 5, 9, 38 Haemodynamically stable: penetrating trauma
There is a paucity of research regarding penetrating injuries alone. They are less successfully managed conservatively or by embolisation and there is a greater tendency towards surgical exploration, particularly in high-grade injuries. 9, 33 Low-grade injuries are treated the same as blunt trauma and the majority of haemodynamically stable patients can be managed conservatively. 32 
Complications
Major haemorrhage is the immediate concern. Disruption of the kidney capsule or pedicle allows blood to surround the kidney. The retroperitoneum provides a degree of tamponade but expanding or pulsatile retroperitoneal haematomas are concerning for large volume haemorrhage. 39 Haemorrhage usually occurs within the initial two weeks and is more common in penetrating trauma. 5 Delayed haemorrhage occurs in 13-25% of grade 3 or 4 injuries. This is usually due to the presence of a pseudoaneurysm or arteriovenous fistula. 5, 40 It may present with falling haematocrit or there may be flank pain, a local mass with a bruit or hypertension. 41 The usual presentation of an arteriovenous fistula is persistent haematuria. 9 Both can initially be managed conservatively and are usually amenable to embolisation. 42, 43 Disruption of the collecting system extravasates urine and a urinoma is formed. This is the most common complication occurring in 1-7% of all injuries and one quarter of high-grade injuries. 5, 44 Most resolve within days but they can persist in urinary tract obstruction and become infected. 45 Declining renal function or the presence of sepsis should prompt suspicion of a urinoma. 5 Repeat imaging can check for resolution. Persistent urinomas usually respond to stent placement or percutaneous nephrostomy which allows healing (Figure 4) . 1, 9, 46 Collections of static blood or urine provide a rich medium for bacterial proliferation. Bacteria can ascend the urinary tract or be contaminants from the gut in polytrauma. Renal trauma patients are therefore at a substantial risk of sepsis. Antimicrobials should be started when there are signs of sepsis or a urine leak is identified. 5 Perinephric abscesses are common and should be drained by percutaneous or open surgical methods. 5, 9 A page kidney refers to a large perinephric haematoma causing acute hypertension. Renal vessel compression leads to renin activation and sodium retention. In the chronic situation; long-standing haematomas and fibrotic tissue can compress vessels which drives renin activation and secondary hypertension. 47 This is estimated to occur in less than 5% of cases but may be 29% in high-grade injuries. [48] [49] [50] Antihypertensives, surgical reconstruction or even nephrectomy may be required. 5 Segmental vessel disruption can create local ischaemia and a segment becomes devitalised. These are usually managed conservatively but have a higher complication rate. Ischaemia can drive renin activation. 5 The presence of polytrauma does not appear to increase the rate of complications. 51, 52 Renal trauma patients are reported to be at increased long-term risk of hydronephrosis, pyelonephritis and calculi formation. The rate of end-stage renal failure is reported as 0.46% but this probably depends on the AAST grade. 12, 53 Dimercaptosuccinic acid (DMSA) scanning showed a stepwise decline in renal function with worsening AAST grade in post-trauma individuals with normal blood creatinine. 50 The total rates of complication are unsure, with estimates varying from 3% to 33%. 30, 44 
Discussion
The identification and management of renal trauma is complex. The clinical history can appear unremarkable and there are frequently no signs on examination to confirm a renal injury. We should have a low threshold for suspecting renal injury and this should always be considered in cases of polytrauma.
Our understanding has improved rapidly with the CT modality and the AAST grading system which delineates low and high-risk injuries.
Haemodynamic stability is the main parameter determining management and stable patients can be managed conservatively in almost all cases when they will make a complete recovery.
The development of angiography and embolisation have provided an additional therapeutic intervention that is less invasive and at less risk than surgery in providing haemorrhage control. Interventional radiology is still developing and the early results are promising. With time, it may come to surpass surgery as the gold standard of management in severe renal injuries. Surgical exploration is likely to remain in use for the most severe cases in which there is rapid life-threatening haemorrhage and other organ injuries. Future work will need to elucidate how we decide which high-grade injuries require direct intervention.
Despite our great advances, there are limitations. Most of our data are observational and it is difficult in the trauma setting to conduct randomised trials. Subpopulations within renal trauma such as paediatrics, pre-existing renal disease and penetrating trauma have few data relating specifically to them. Many studies exclude paediatric cases and others poorly report cohort demographics. 54 The few paediatric studies available suggest the principles of management are likely to be similar to those in adults. 55, 56 The greatest area of uncertainty is long-term complications. Post-trauma patients are prone to an array of urological complications but the frequency of these is uncertain and is likely to depend on the type of injury. Consequently, patients should be carefully followed up for these in both the short and long term. There remains uncertainty as to how common these long-term complications are.
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